The aim of this project is to create an air restrictor venturi for a SAE SUPRA vehicle to achieve maximum air flow with minimum pressure drop to optimize the performance of the vehicle. SAE SUPRA competition has imposed a rule regarding air intake that all the air should pass through a single restrictor of 20mm diameter to be placed in between the throttle and engine. This rule is imposed to limit the power capability of the engine. From data obtained by several analysis gathered from ANSYS -Fluid Flow(Fluent), it can be stated that the most optimized values for the venturi are 14 and 6 degrees for converging and diverging angles respectively.
INTRODUCTION SAE SUPRA is a competition organized by SAE INDIA (formerly Society of Automotive Engineers). The SAE SUPRA rules committee imposed a rule that power of any 4-stroke petrol engine used in the competition must not exceed 610cc per cycle and all engine airflow must pass through a 20mm restrictor to limit its power compatibility.
This rule reduces the air flow to the engine intake thereby arising a need for a device that can allow maximum air flow through the restrictor. Thus, the aim of this project is to design and create an air flow restrictor which is to be fitted in between the throttle body and engine that can allow maximum airflow to the engine. The SAE SUPRA car is being built by team Aviators of TCOE-Boisar.
An IC engine takes in air from the surroundings and the air fuel mixture is combusted inside the engine cylinders. In an IC engine, the pressure is low during the intake stroke, causing the air from the atmosphere to enter the cylinders. The higher the rpm, greater the pull and lower the pressure.
According to the stoichiometric air-fuel ratio, 14.7 grams of air is required to burn 1gram of fuel. Due to the restrictor rule the actual intake of the engine KTM Duke 390 which has intake diameter of 54 mm reduces to 20 mm which creates a high change in pressure. The Supra engines have to run at around 7000 rpm to 11000 rpm resulting in requirement of more air for combustion which can be achieved by increase in mass flow rate, but the 20mm restrictor area being less, air has to pass with very high velocity to fill the engine with required amount of air.
Due to the mass flow rate being a fixed parameter, the aim is to achieve maximum mass flow with minimum pull. This can be done by analyzing the restrictor device for minimum pressure difference between the atmosphere and cylinder, resulting in maximum air flow to the engine.
II. RESEARCH METHODOLOGY
Research methodology includes steps which provide connectivity between every step and the procedure of the work flow.
A. Selection of Kind of Restrictor
The air restrictor is a kind of Obstruction meter. To maximize air flow we will have to study the various kinds of obstruction devices or meters. There are two obstructions meters broadly used in industries -Orifice and Venturi meters.
a. Orifice
An orifice is a device used for measuring flow rate, reducing pressure or for restricting flow. It is placed inside a pipe in which fluid flows, when fluid reaches the orifice, the fluid is forced to converge through the small hole. Either a volumetric or mass flow rate can be determined. It generally has a Coefficient of drag of around 0.65.
where: = coefficient of discharge, dimensionless, usually between 0.6 and 0.85 = diameter ratio of orifice diameter d to pipe diameter D dimensionless ∈ = expansibility component,1 for incompressible gases decreasing with pressure ratio across orifice D = inner orifice diameter below working situations, m = fluid density in plane of upstream tapping, kg/m³ ∆ = differential stress measured throughout the orifice, Pa
b. Venturi
The Venturi tube is a tubular setup of gradually varying pipe diameter through which the fluid flows. In fluid dynamics, the air velocity must increase as it passes through a construction in according with principle of mass continuity, while its static pressure must decrease in according with the principle of mechanical energy. A nozzle has a shape that can be designed to control the flow rate and speed of the exhaust, while an orifice is just a hole.
where: = the density of air, kg/m 3 1 = velocity at inlet, m/s 2 = velocity at outlet, m/s Following is the difference between venturi and orifice meter: Inference:
As from the collected data and the differentiation table, a venture is a better choice for the restrictor rule as it has low pressure loss as compared to orifice which gives maximum efficiency. The venture will have a throat diameter of 20 mm as per rule of the competition. The inlet and outlet diameters of the venturi will be 54 mm.
B. Deciding the Constant and Variable parameters.
Mass flow rate is to be maintained constant, which can be done by varying any one of the following parameters:
a. Energy b. Mach number c. Velocity d. Pressure
Calculating the Energy is an intricate process. Mach number is calculated using the equation: M= V C Where, M = Mach number, V = velocity of the source relative to the medium and C = speed of sound in the medium. When the medium is changes the velocity of sound will change accordingly. Due to this using velocity and Mach number as a fixed parameter is not feasible. Inference: Pressure is the most ideal parameter left that can be varied for constant mass flow rate as pressure difference in the venturi can be calculated easily at both the ends.
III. THEORY AND FORMULAE Mass Flow Rate for choking condition(throat)
Mass flow rate: ̇ = r V A For an ideal compressible gas:
Mass flow rate is maximum when M = 1, which is choked condition.
From above equation, we can calculate mass flow rate by data values given below: M = 1 (choked flow) A = 0.001256 m² (20 mm restrictor) R = 0.286, KJ/Kg-K γ = 1.4 Pt = 101325, Pa T = 300 K Mass Flow Rate = 0.0703 kg/s IV.
DATA ANALYSIS Ansys Fluid Flow(Fluent) was used to verify and check results for simulation. This software helped to determine the pressure as well as velocity at inlet and outlet of the restrictor venturi thereby helping us to obtain pressure difference between inlet and outlet. Different converging and diverging angles were taken into consideration to calculate pressure difference for each iteration.
A. Variables:
Convergign and Diverging angle For the calculated constant Mass Flow rate of 0.0703 kg/s, the Delta Pressure ( Inlet pressure -Outlet Pressure) was calculated for different converging and diverging angles. The converging angles were considered from 12 to 20 degrees and diverging angles from 6 to 16 degrees. The angles were considered according to ease of manufacturability.
Following results were obtained for different iterations: From the data obtained by analysis, minimum Delta Pressure (Inlet Pressure -Outlet Pressure) was highlighted for every row and column. The highlighted values showed that the several minimum values for diverging angles were obtained at 6 degrees. Keeping a look at that row we could see that the converging angle of 14 degrees has minimum Delta Pressure value.
V.
CONCLUSION The inclusion of a restrictor rule in this competition is done brilliantly to reduce the power of the engine where all the teams try their best to utilize every single horsepower from the engine. This rule gives rise to increase in effort and research work to achieve maximum optimization and upbringing ideas to find out alternative technology to increase power of the engine. One such technology used is by using venture as a restrictor which can allow a 0.0703 kg/s of air to the engine upon its maximum limit, considering losses in various aspects such as pressure, friction and turbulence.
SAE SUPRA is all about speed, acceleration and economy. Most of the parts are chosen or fabricated keeping its weight into consideration, and so it was also necessary to manufacture the venturi in a process with having weight as low as possible. So, we opted for a 3D printing process which involved a Blue PLA filament which is a bio-degradable polymer which can withstand heat up to 160 degrees Celsius. This process and material selection resulted in low weight and optimum material properties providing required performance as per our analysis.
From all the research and analysis performed in Ansys Fluid Flow(Fluent) and the results based on it, we concluded that there would be minimum pressure drop giving maximum recovery of pressure
